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ABSTRACT 

Bioaerosols are ubiquitous organic particles that comprise viruses, bacteria and coarser fractions of 

organic matter. Known to adversely affect human health, the impact of bioaerosols on a population 

often manifests as outbreaks of illnesses such as Legionnaires Disease and Q fever, although the 

concentrations and environmental conditions in which these impacts occur are not well understood. 

Bioaerosol concentrations vary from source to source, but specific human activities such as water 

treatment, intensive agriculture and composting facilitate the generation of bioaerosol concentrations 

many times higher than natural background levels. Bioaerosols are not considered ‘traditional’ 

pollutants in the same way as PM10, PM2.5, and gases such as NO2, and consequently dispersion 

models do not include a bespoke method for their assessment. As identified in previous studies, 

priority areas for improving the robustness of these dispersion models include: 1) the development of 

bespoke monitoring studies designed to generate accurate modelling input data; 2) the publication of a 

robust emissions inventory; 3) a code of practice to provide guidelines for consistent bioaerosol 

modelling practices; and 4) a greater understanding of background bioaerosol emissions. The aim of 

this research project, funded by the Natural Environmental Research Council (NERC), is to address 

these key areas through a better understanding of the generation, concentration and potential 

dispersion of bioaerosols from intensive agricultural and biowaste facilities, using case studies 

developed at specific locations within the UK. The objective is to further refine existing bioaerosol 

monitoring and modelling guidelines to provide a more robust framework for regulating authorities 

and site operators. This contribution outlines the gaps that hinder robust dispersion modelling, and 

describes the on-site bioaerosol data collection methods used in the study, explaining how they might 

be used to close these gaps. Examples of bioaerosol dispersion modelled using ADMS 5 are presented 

and discussed. 
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1  INTRODUCTION 

Since the introduction of the Waste Framework Directive, 2008/96/EC, there has been a 

significant increase in the rate of recycled and composted waste. The Directive requires the 

UK and other Member States to recycle 50% of their household waste by 2020. 

Comprehensive data collected for the UK since 2010 show that recycling rates for the UK 

as a whole are at 40.4%. Variability exists between devolved administrations, with Wales 

recycling 44% of domestic waste and Scotland recycling 32.5% [1]. 

     The 2008/96/EC target specifically for biodegradable municipal waste sent to landfill is 

35% of a Nation’s 1997 baseline (considered to be the total tonnage sent to landfill in 

1997). In the UK’s case this is equivalent to a reduction from the baseline of 21,460 

Ktonnes, to 7511 Ktonnes. 



     In 2015 there were over 300 licensed composting facilities in the UK using a number of 

technologies including in-vessel, open, and closed composting systems. It is likely that their 

number will increase over the coming years as more waste is diverted from landfill. 

     Composting is the natural process of organic matter degradation by microorganisms. 

The more organic matter that is composted, the more micro-organisms will be present and 

consequently there is a potential for the release of a higher concentration of bioaerosols into 

the air. Bioaerosols, typically comprised of bacteria, fungi, and their components, are 

airborne microorganisms, released naturally into the air from the degradation of organic 

matter [2]. These ambient concentrations can be increased by anthropogenic activities, such 

as leaf blowing and the turning of composted garden waste. On an industrial scale, 

bioaerosols can be released from sewage plants during pre-treatment, aeration and sludge 

digestion [3], and from composting facilities during turning, screening and shredding 

activities [4]. 

     Some bioaerosols are known to have adverse health effects, particularly for the immune-

compromised. Brucellosis, Q Fever and Rift Valley fever are amongst the most well-known 

and are caused by exposure to Brucella spp, Coxiella burnettii and Phlebovirus respectively 

[5]. Due to the potential impact of bioaerosols on human health within the UK, the 

Environment Agency has determined that a site specific risk assessment will be required for 

any composting facility that is within 250m of any sensitive receptors (such as homes), and 

they will need to demonstrate that bioaerosols are maintained at acceptable levels [6]. 

These levels, as measured by the AfOR standard protocol, are 300, 1000, and 500 cfu m
–3

 

for  

gram-negative bacteria, total mesophilic bacteria, and Aspergillus fumigatus respectively. 

The sampling devices used in the current research project and the means by which their 

data may be used in subsequent modelling activities are set out below. 

     Some progress has been made in characterising emissions from composting facilities, 

however relatively little headway has been made regarding the linked research questions of: 

understanding exposure of the general public to bioaerosols; putting process-based 

exposures into the context of background exposure to natural bioaerosols (or other 

anthropogenic sources); and quantifying health risk and setting health-based standards. A 

critical limiting factor in all of these areas is the lack of advanced microbiological methods 

(sampling, analytical, interpretative) to quantify and qualify bioaerosol emissions and 

dispersion. 

     This research project aims to develop new methodologies capable of characterising and 

quantifying emissions of bioaerosol into the air. Our objectives include: i) developing new 

methods to size fractionate endotoxin and elucidate its structural features; ii) developing a 

novel biosensor for rapid detection of endotoxin, other inflammatory agents and cells 

(live/dead); iii) using the Wideband Integrated Bioaerosol Sampler (WIBS) real-time 

bioaerosol sensor to understand the emission and dispersion of bioaerosol; iv) 

characterising industry-specific bioaerosol emissions at composting and farm sites; v) 

detecting microbial pathogens at biowaste and intensive agricultural facilities; and vi) 

generating improved exposure assessments of biowaste/intensive agricultural facilities 

using dispersion modelling and Openair resources.  

2  BIOAEROSOL MODELLING 

Spatially, air pollution can be modelled on local, national, and global levels, depending on 

the pollutant. Emissions from composting facilities are not expected to disperse in 

significant concentrations beyond the near vicinity and as such, short-range modelling is 



appropriate. Models for assessing local sources generally focus on one of the following five 

standard categories: 

 Point 

 Area 

 Line 

 Volume 

 Jet 

     Models focusing on point sources are generally used to model pollutants from stacks and 

other discharge points. Models focusing on area and volume sources are used to assess 

emissions from a designated area. Other models focusing on line sources are used to  

assess emissions from roads, whilst models considering jet emissions are used to assess the 

release of a pollutant from mechanically ventilated areas or where the discharged pollutant 

has been discharged at speed. Numerous modelling packages exist for the assessment of 

these different approaches and each one is unique in its output. As noted by Douglas [7] 

and CERC [8], the ADMS models are most appropriate for assessing bioaerosol dispersion 

from composting facilities, but AERMOD is also suitable. The challenges and uncertainties 

set out below relate to ADMS, however many will also be relevant to other models. 

3  ADDRESSING THE CHALLENGES AND UNCERTAINTIES ASSOCIATED  

WITH BIOAEROSOL DISPERSION MODELLING 

The composting of green waste involves a number of materials handling processes from 

which bioaerosols are generated. Waste is initially brought on-site and disposed of at a 

designated area before being shredded and placed in windrows. The windrows are then 

frequently turned in order to introduce fresh oxygen into the material allowing the aerobic 

bacteria to continue the degradation process. Material from wind rows are then taken to be 

screened and subsequently sold. 

     The primary challenges and uncertainties associated with bioaerosol monitoring, are as a 

result of a lack of data and the difficulty in deriving source term data from different site 

based operations. As set out within Cambridge Environmental Research Consultants 

(CERC) Atmospheric Dispersion Modelling Liaison Committee (ADMLC) report the 

primary limitations relate to source definition, meteorology, emission rates, observation 

uncertainty and general model performance. This project aims to address a number of these 

through the monitoring, modelling and analysis of data at a composting facility in England, 

known herein as Site A. The strategy for addressing them is set out below. 

     In this study, data have been collected from Site A, a facility which composts 25,000 

tonnes of green waste a year. The site is divided into two distinct processing areas; firstly, 

waste is brought on to site and tipped onto the ground within a small sector of the windrow 

hardstanding area before being shredded and arranged into windrows. Secondly, mature 

compost from aged windrows is taken to the western sector of the site for screening into 

saleable compost.  

3.1.1  Source definition 

Defining the source of pollutants on site is the first step in modelling its release on a site. 

Sources of pollutants on site can be modelled individually or treated as one contiguous 

source. This will depend on the quality of data available for a given site. As shown in Fig. 

1, the layout of site operations are known in detail at Site A. Each individual compost wind-

row is defined within the model instead of being considered as one source. This is to 



account for the fact that each wind-row will be at a different maturation phase to the next 

and will be turned and screened at different times.  

 

Figure 1:  Site A layout. 

     In addition to the separation of sources on site, their height is a key parameter that 

requires defining within the model. Agitation will occur at different heights within a 

windrow, depending on the equipment used, however it is very difficult to accurately assess 

the height at which agitation takes place. Despite this, Douglas [7] and CERC [8] suggest 

that for sites where data are not available, a height of 2.65 metres is used. 

     Time-varying emission factors allow a model to incorporate changes in emissions across 

the day from various on-site activities into the model to provide a more accurate picture of 

pollutant generation and dispersion. A site activity log can also corroborate the data 

gathered from the SIBS to reinforce the inclusion of specific time-varying emission factors. 

3.1.2  Emission rates 

Standard models do not consider bioaerosols as a distinct pollutant within their algorithms 

and as such the common practice is to use particulate matter, be it TSP or PM10 as a proxy 

[9]. In doing so bioaerosols are assumed within the model to behave in similar ways to 

particulate matter.  

     Exit velocity and temperature are key parameters when modelling emissions. However, 

Douglas [7] notes that there are no reliable exit velocities of bioaerosol emissions from 

composting windrows, and an exit velocity of 2.95 ms
–1

 is considered appropriate. 

Temperature will also affect plume rise in the model and CERC [8] considered modelling 

with a predetermined temperature of 29°C. Both exit velocity and temperatures set out here 

were considered by Douglas to be an average of the efflux parameters, falling between 



higher velocities and temperatures during the turning and mixing, and the relatively lower 

temperatures and exit velocities from non-agitated compost [7].  

3.1.3  Meteorological data collection 

When identifying met data for use at a particular site, the ideal scenario would be robust, 

reliable data collected on the site itself. Where this is not possible, data can be obtained 

from nearby meteorological stations, processed an input into ADMS. Meteorological data 

are available from the British Atmospheric Data Centre (BADC), the Natural Environment 

Research Council’s (NERC) Designated Data Centre for the Atmospheric Sciences through 

the Centre for Environmental Data Analysis [10]. Without accurate met data, models will 

not be able to assess the dispersion of pollutants into the surrounding area. Within ADMS, 

data on temperature, rainfall, humidity, wind speed, wind direction and cloud cover are 

required. Furthermore, if met data are used from stations hundreds of kilometres away then 

the met data will not be reflective of local conditions and impacts not properly assessed.  

3.1.4  Other considerations  

When considering the modelling of pollutants, it is important to recognise that even if 

source terms are identical within distinct models, the modelled concentration will likely 

differ between them [8]. As noted within CERC [8], the SCAIL Agriculture update report 

[11] has several datasets that may be used to validate models, however their accessibility is 

limited. This current study aims to verify the modelled concentrations against data collected 

using the SIBS. 

     Time-varying emission factors are likely to play an important role in assessing the extent 

of dispersion at Site A and subsequently elsewhere. As shown in Fig. 2, the difference 

between a model run with identical parameters, except an adjustment in an emission factor 

at 11am, result in a different dispersion profile. With such an important change to the 

profile, additional receptors may be considered at risk and thus further scrutiny at those 

locations may be required.  

 

 



Figure 2:    Short-term model of bioaerosol dispersion with and without time-varying 

emission factors. 

     As set out above, there are several gaps in data that need to be addressed in order to 

improve the quality of bioaerosol modelling activities. The following section sets out the 

monitoring methods used to address the data gaps identified above and subsequently 

summarised in Table 1. 

3.2  Bioaerosol monitoring 

Bioaerosol monitoring approaches are set out within the AfOR protocol [6], produced by 

the Environment Agency. Within this protocol, the appropriate samplers to be used are set 

out and the medium upon which samples are collected are presented. The protocol also sets 

out the appropriate monitoring locations and the timeframes over which samples should be 

collected. The measurement of bioaerosols is regularly undertaken with the aim of 

identifying the presence of viable organisms, quantified as colony forming units per cubic 

metre  

(CFU m
–3

). Alternatively, real-time bioaerosol monitors may be able to discern specific 

bioaerosol components and concentrations at different wavelengths. 

     The Institute of Occupational Medicine’s (IOM) personal sampler has been used 

regularly for bioaerosol sampling [4], [12], [13]. Compared with other bioaerosol samplers, 

they are inexpensive, lightweight and easily deployable in many locations. The IOM 

samplers typically run for 30 minutes at 2.2 L/min, with air drawn through a 0.8 m pore 

size polycarbonate filter [12]. The benefits of these samplers are that a physical sample is 

collected allowing further analysis to be undertaken elsewhere. The IOM allows for an 

understanding of bioaerosol concentrations over time, and coupled with other sampling 

methods may provide valuable source term data. 

     Multi-stage Andersen impactors are frequently used to assess bioaerosol concentrations. 

The Andersen samplers are often fitted with a hemispherical baffle, and micro-organisms 

are collected onto either nutrient agar or tryptone soya agar (TSA) and malt extract agar 

(MEA) [14]. Andersen samplers are valuable sampling tools, particularly when using a 

multi-stage sampler as these will allow the collection and subsequent analysis of 

bioaerosols at different particle sizes. Coupled with IOM samplers, the multi-stage 

Andersen allows for the determination of specific bioaerosols and subsequently, through 

the analysis of each stage, their predominant particle size. This will facilitate a refinement 

of particle size data used in the model. 

     The Osiris particulate monitor is traditionally used as a screening tool for assessing 

particulate matter on and around site boundaries. The Osiris will continuously determine 

the concentration of Total suspended particulates (TSP), PM10, PM2.5 and PM1 particles 

with a resolution of 0.1 µg/m
3
. The Osiris will complement the data gathered by the 

Andersen sampler and provide information of particle size of emissions at and around the 

composting facility. 

 

Table 1:  Model data gaps and solutions. 

Model data gaps Bioaerosol 
composition 

Emission 
rates 

Particle 
size 

Time varying 
emissions 

Model 
validation 



IOM x x   x 

Coriolis x     

Multi-stage Andersen x x x   

Osiris  x x x x 

SIBS x x x x x 

     Analysis of bioaerosol composition is also undertaken through the use of high volume 

samplers such as the Coriolis [15] quantification of bioaerosols collected using the Coriolis 

is usually accomplished by flow cytometry and chemiluminescence sandwich 

immunoassays [15]. Data from the Coriolis can be used to identify the types of bioaerosols 

present in air and as such can provide further information on the dominant organic 

components present at each sampling site. 

     The Spectral Intensity Bioaerosol Sensor (SIBS) measures particle size and the 

fluorescence intensity of particles across 16 wavelength intensities (from 288 nm to 735 

nm) to detect bioaerosols. The instrument allows for the determination of particle size, 

shape, asphericity and the measurement of fluorescence, which may indicate the presence 

of bioaerosols or other organic components at a high temporal resolution. Further technical 

details of the SIBS are set out in [16]. High resolution data from the SIBS may provide an 

understanding of site activities and thus contribute directly to the time-varying emission 

factors used in the modelling process and be used to determine emission rates from specific 

site activities. SIBS data can also be used to verify and validate model outputs. 

4  OPPORTUNITIES 

There are numerous challenges and uncertainties inherent in this research project, but at the 

same time opportunities abound. A bespoke, in depth monitoring study is currently 

underway at Site A and similar studies will also be conducted at a broiler farm and at a 

background site in order to assess bioaerosols at different operations. 

     The diversity of monitoring data gathered from these sites will also allow for a 

comparison of bioaerosols present in different size fractions (and whether there are 

differences between fractions), a screen of the types of bioaerosols present in the samples 

and an analysis of the potential health impacts of those identified. 

     Through the use of the SIBS and IOM samplers a real-time profile of bioaerosol 

dispersion at and around each site will be gathered. Furthermore, emission factors for 

shredding, turning and screening activities will be determined which will aid in improving 

the model’s accuracy.  

5  DISCUSSION 

The European Waste Directive’s drive to divert waste from landfill to recycling and 

composting facilities has resulted in the increase of such facilities across the UK over the 

last decade. As more waste is diverted from landfill these numbers will likely rise further 

and consequently there will be an increase in the number of people living within close 

proximity to such a facility. Understanding the health impacts of bioaerosols, their 

concentration and the extent of dispersion around these facilities will therefore become 

increasingly important. 

     This contribution has set out the gaps in data required for robust bioaerosol modelling 

and the means being undertaken to fill these. Bioaerosol composition will fluctuate 

depending on site activities, and the range of monitoring devices used in this study will be 

able to identify the peaks in bioaerosol release and the associated activities. Both the IOM 

and Andersen provide valuable information for the modelling of bioaerosols. At Site A, the 

IOM will determine the source emissions while the multi-stage Andersen sampler will 



ascertain the general particle size of the bioaerosols and the appropriate proxy particle size 

selected within the model. These standard methodologies set out within AfOR are 

considered to be  

spot samplers, providing a sample at a given location for a given averaged timeframe. Spot 

samplers typically lack high time resolution and require frequent change-overs. This limits 

a detailed understanding of short-term site activities such as turning and screening and, 

without significant investment, makes the interpretation of diurnal and seasonal variability 

a challenge. The use of the SIBS aims to address this time resolution challenge. These data 

will be crucial for the accurate definition of time varying emission factors on site, a factor 

which could have a significant impact on the extent of bioaerosol dispersion and likely 

exposure. A challenge remains in unpicking the meaning of the fluorescence data, but once 

this has been achieved, detailed information on specific bioaerosols will be available for 

interpretation. A potential research avenue will be to build up a database of fluorescence 

measurements from known bioaerosols against which on-site data can be compared. 

     Determining activity-specific emission factors will require samplers to be introduced 

close to the point of release and this will present a technical challenge, however the data 

gained from such activities will certainly push the state of knowledge further in this field.  

Applying the methodology to measure bioaerosol emissions from broiler sheds will also 

create state of the art knowledge on bioaerosol dispersion. 

     The ultimate aim of this work is to contribute and update regulatory guidance and best 

practice documents so that site operators and regulators are clear on the relative risks of 

composting in England. 

6  CONCLUSION 

This contribution has set out the challenges, uncertainties and opportunities associated with 

bioaerosol modelling at composting facilities. Key challenges include the refinement of 

source term data, acquiring robust meteorological data, and understanding the temporal 

variability in emissions on site. The opportunities presented are clear and include the 

potential to provide state of the art knowledge on bioaerosol measurement and dispersion 

profiles around composting facilities, and to transpose methodologies learned at Site A on 

to other sites in which bioaerosols are a concern.  

     Finally, the opportunity to update guidance documents based on the findings of this 

research project and to use the data from this to aid in the modelling of bioaerosols at all 

composting facilities nationwide is key to the project’s success.  
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